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APPLICATION OF THE EPIDEMIOLOGICAL MODEL I N  
STUDYING HUMAN ERROR I N  AVIATION 
Ed S. Cheaney* and Charles E. Bill ings** 
SUMMARY 
The c lass ic  methods of epidemiology provided one b a s i s  f o r  t he  o r i g i -  
n a l  des ign  of NASA's Aviation Sa fe ty  Reporting System (ASRS) and have f i g -  
ured impor tan t ly  i n  t h e  subsequent research  i n v e s t i g a t i o n s  conducted where 
ASRS information w a s  used. An epidemiologica l  model i s  descr ibed  i n  con- 
junc t ion  wi th  t h e  a n a l y t i c a l  process through which a v i a t i o n  occurrence 
r e p o r t s  are decomposed i n t o  the  events  and f a c t o r s  p e r t i n e n t  t o  i t .  D i s -  
cuss ion  of t h r e e  r e sea rch  i n v e s t i g a t i o n s ,  each of which mani fes t s  t h e  
a p p l i c a t i o n  of t h e  ep idemiologica l  method, exempl i f ies  i t s  use  and e f f e c -  
t i veness .  
INTRODUCTION 
Four yea r s  ago, a t  t h i s  conference,  D r .  B i l l i n g s  presented  a paper 
( r e f .  1 )  i n  which he and h i s  a s s o c i a t e s  a t  Ames o u t l i n e d  an approach t o  
t h e  s tudy  of o p e r a t i o n a l  s a f e t y  problems i n  a i r  t r a n s p o r t a t i o n .  I n  t h a t  
approach an ep idemiologica l  method ana lyz ing  t h e  causes of d i s e a s e  propa- 
g a t i o n  was t o  be used i n  conjunct ion  wi th  a v i a t i o n  occurrence r e p o r t s .  
The reasoning set f o r t h  i n  t h a t  paper provided t h e  conceptua l  foundation 
of t h e  NASA program known as t h e  Aviation S a f e t y  Reporting System (ASRS) 
which had a t  t h a t  t i m e  been i n  ope ra t ion  only  f o u r  months. This paper i s  
a review of t h e  s t i l l - c o n t i n u i n g  development of t h e  program, g e n e r a l l y  
along t h e  l i n e s  expected then, and a d i scuss ion  of t h e  c u r r e n t  embodiment 
of t h e  method i n  ASRS program a c t i v i t y .  
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EPIDEMIOLOGICAL METHOD 
Figure 1 i l l u s t r a t e s  schemat ica l ly  the  epidemiological  model and i t s  
a v i a t i o n  system analogy. The model r ep resen t s  a process i n  which d i s e a s e ,  
emanating from environmental  cond i t ions ,  mani fes t s  i t s e l f  i n  symptoms t h a t  
may l e a d  t o  f a t a l  i l l n e s s ,  recoverable  i l l n e s s ,  o r  no i l l n e s s  depending on 
i n d i v i d u a l  c i rcumstances of p a t i e n t  v u l n e r a b i l i t y ,  p revent ive  a c t i o n s ,  and 
in t e rven t ion .  In the  a v i a t i o n  system the  analogy of t h e  d i sease  process 
i s  t h e  p r e d i l e c t i o n  f o r  e r r o r  of human p a r t i c i p a n t s .  This arises from 
f a c t o r s  i n  the  ope ra t ing  o r  phys ica l  environment and r e s u l t s  i n  e r r o r s  of 
commission o r  omission t h a t ,  aga in  depending on t h e  i n d i v i d u a l  c i r -  
cumstances, may l e a d  t o  a c c i d e n t s ,  system p e r t u r b a t i o n s ,  o r  harmless 
cor rec t ions .  
Epidemiology w a s  descr ibed  by Waller ( r e f .  2 )  as ' I . . .  t h e  s tudy  of 
t he  d i s t r i b u t i o n  and determinants  of d i s e a s e  o r  o t h e r  pheonomena i n  a 
population". The method of s tudy is  t o  o b t a i n  d a t a  on r ea l  world popula- 
t i o n s  (as opposed t o  t h e o r e t i c a l  o r  con t ro l l ed  experiment s i t u a t i o n s ) ,  
d e t e c t  i n  them non-random d i s t r i b u t i o n s  of phenomena, and then i d e n t i f y  
the  reasons f o r  t he  non-random d i s t r i b u t i o n s ,  The r o l e  of t he  model and 
i t s  a v i a t i o n  system analogy as depicted here  i s  t o  ca t egor i ze  the  f a c t o r s  
whose d i s t r i b u t i o n s  a r e  s tud ied  by the  epidemiological  method. The method 
has  been used success fu l ly  f o r  more than a century  t o  examine f a c t o r s  i n  
t h e  environment t h a t  c o n t r i b u t e  t o  a g r e a t  v a r i e t y  of problems b e s e t t i n g  
humans and animals. I ts  a p p l i c a t i o n  t o  the s tudy  of human e r r o r  appeared 
conceptua l ly  f e a s i b l e  provided a s u f f i c i e n t  s tudy  populat ion could be 
obtained.  The a v i a t i o n  acc ident  database assembled from NTSB inves t iga -  
t i o n s ,  a l though conta in ing  many ins tances  of human e r r o r ,  w a s  not con- 
s idered  s u i t a b l e  f o r  t he  purpose because of i t s  r e l a t i v e l y  s m a l l  s i z e  and 
t h e  i m p o s s i b i l i t y  of r e t r o s p e c t i v e l y  examining, o r  even determining,  t h e  
causes  of many of t he  e r r o r s .  Recognition of t he  need f o r  a l a r g e  popula- 
t i o n  of occurrences s u s c e p t i b l e  t o  more exhaus t ive  s tudy of i t s  e r r o r  con- 
t e n t  w a s  t h e  s t imulus  f o r  i n s t i t u t i o n  of t h e  ASRS program. 
ASRS PROGRAM 
I n  the  four-plus years  of i ts  ope ra t iona l  ex i s t ence ,  t he  ASRS program 
has received more than 25,000 r e p o r t s  covering a l a r g e  v a r i e t y  of s a fe ty -  
r e l a t e d  occurrences and s i t u a t i o n s .  Of t h e s e ,  more than 22,000 have been 
s tudied  by a v i a t i o n  s a f e t y  a n a l y s t s  and t h e  a b s t r a c t e d  s a f e t y  r e l a t e d  
information,  inc luding  the  o r i g i n a l  n a r r a t i v e s  and followup da ta ,  has  been 
s to red  i n  a computerized information system. 
The r e p o r t s ,  u sua l ly  presented  on s tandard NASA forms, have been sub- 
mi t ted  v o l u n t a r i l y  by p i l o t s  and c o n t r o l l e r s  i n  roughly equal  numbers. 
The ex i s t ence  and purposes of t h e  program were publ ic ized  throughout t h e  
a v i a t i o n  community by means of Advisory C i r c u l a r s  and var ious  informal  
means inc luding ,  r e c e n t l y ,  t he  pub l i ca t ion  of a monthly newsle t te r .  
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Reporters are guaranteed anonymity and, as a f u r t h e r  i n c e n t i v e  t o  r e p o r t ,  
they are accorded a l i m i t e d  form of immunity from p e n a l t i e s  f o r  FAR v io la -  
t i o n s  i f  they can show t h a t  r e p o r t  submission has been t imely  and meets 
c e r t a i n  o t h e r  reasonable  cond i t ions .  
These t h r e e  t e n e t s :  vo lun ta ry  r epor t ing ,  anonymity of r e p o r t e r s  , and 
l i m i t e d  immunity, have had a very important e f f e c t  on t h e  evolu t ion  of the 
ASRS program. More than 80 percent  of t h e  r e p o r t s  rece ived  d e s c r i b e  human 
e r r o r s  on t h e  p a r t  of aircrew o r  c o n t r o l l e r s .  The remainder d e a l  with 
equipment f a i l u r e s  or  d i f f i c u l t i e s  involv ing  ground f a c i l i t i e s ,  publica- 
t i o n s ,  and o t h e r  material condi t ions .  Even these ,  however, are o f t e n  
a s s o c i a t e d  wi th  human e r r o r s  t h a t  e i t h e r  caused t h e  f a i l u r e s  or  occurred 
i n  d e a l i n g  with t h e  problems r e s u l t i n g  from them. Thus t h e  need f o r  an  
ex tens ive  population of human e r r o r  occurrences has  been m e t .  The main 
reason f o r  t h i s  human e r r o r  focus i s  t h a t  many r e p o r t e r s  appear no t  only 
w i l l i n g  but  eage r ,  under t h e  anonymous, non-punitive cond i t ions  of r epor t -  
i n g ,  t o  r e v e a l  t h e i r  own e r r o r s  and those  of o the r s .  Because of t h e  
voluntary  a spec t  t h e  r e p o r t s  are no t  of uniform q u a l i t y .  They va ry  con- 
s i d e r a b l y  i n  accuracy, r e a d a b i l i t y ,  and background coverage. Some do no t  
r e v e a l  t h e  pre-disposing cond i t ions  o r  environmental f a c t o r s  causing the  
e r r o r s  d i sc losed  b u t  many o t h e r s  do; t hese  are of ines t imable  va lue  i n  
a n a l y s i s  us ing  t h e  ep idemiologica l  method. 
The da tabase  i s  mounted on B a t t e l l e ' s  BASIS software which provides  a 
f l e x i b l e  r e t r i e v a l  c a p a b i l i t y  i n  t h e  on-line mode. Datasets c o n s i s t i n g  of 
s p e c i f i e d  r e p o r t  records  p e r t a i n i n g  t o  a l a r g e  v a r i e t y  of t o p i c s  can be 
assembled r e a d i l y  us ing  sea rch  terms from t h e  150-plus information f i e l d s  
i n  t h e  r e p o r t  record a rch i t ec tu re .*  The system i s  a l s o  capable  of r ap id  
s o r t i n g  t o  expose s t a t i s t i c a l  d i s t r i b u t i o n s .  Three tabulations--cross 
s e c t i o n s  of t h e  da tabase  from va r ious  viewpoints--will g i v e  some f e e l i n g  
f o r  what i s  the re .  
Table 1 shows t h e  d i s t r i b u t i o n  of sources  of t h e  r e p o r t s .  It is  
noteworthy t h a t  c o n t r o l l e r s  are r e p o r t i n g  about as much as are p i l o t s  and 
o t h e r  crew members and t h a t  t oge the r  they account f o r  over 90 percent of 
t h e  r e p o r t s  received. The A i r  Force and Navy sources denote t h e  r e p o r t s  
rece ived  from those  o rgan iza t ions  v i a  o f f i c i a l  channels.  This d i s t r i b u -  
t i o n  of sources  shows t h a t  ASRS r ece ives  r e p o r t s  p r i n c i p a l l y  from t h e  
f l i g h t  ope ra t ions  s e c t o r  of t h e  a v i a t i o n  system (as opposed t o  mainte- 
nance, equipment supply,  e t c . )  and t h i s  i s  r e f l e c t e d  i n  t h e  con ten t s  of 
t h e  r e p o r t s ,  which d e a l  almost exc lus ive ly  wi th  ope ra t iona l  matters. 
*The r e p o r t s  are coded s u f f i c i e n t l y  r i c h l y  t h a t  they  can be r e t r i e v e d  a t  
q u i t e  d e t a i l e d  indentures .  For example t h e  following r e t r i e v a l  can  be 
made d i r e c t l y  without i n f e r e n t i a l  search ing  s t r a t e g y :  a l l  r e p o r t s  
desc r ib ing  d e v i a t i o n s  from ass igned  a l t i t u d e  on t h e  p a r t  of heavy a i r  car- 
riers i n  passenger s e r v i c e  i n  t h e  s ta te  of C a l i f o r n i a  occur r ing  between 
t h e  hours of midnight and 0600 dur ing  t h e  Captain's  l e g  where t h e  devia- 
t i o n  w a s  caused by an e r r o r  on t h e  p a r t  of t h e  f l i g h t  crew bu t  no c o n f l i c t  
r e s u l t e d  from t h e  dev ia t ion  (one r e p o r t ) .  
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Table 2 shows the  d i s t r i b u t i o n  of t h e  r e p o r t s  i n  t h e  database as t o  
t h e  "primary problem"* with which they  are concerned. Each r epor t  i s  
given a unique c l a s s i f i c a t i o n  from t h i s  group. The s ign i f i cance  of t h e  
t a b u l a t i o n  l ies  i n  t h e  d e f i n i t i o n  of t he  f i r s t  two i t e m s  as human e r r o r  
occurrences.  This i s  t h e  q u a n t i t a t i v e  confirmation of t h e  earlier asser- 
t i on :  t he  ASRS da tabase  i s  overwhelmingly concerned wi th  human e r r o r .  
However, the holdings on equipment f a i l u r e s ,  naviga t ion  a i d  problems, etc. 
are not  n e g l i g i b l e  and have given r i s e  t o  the  i ssuance  of more than  700 
A l e r t  B u l l e t i n s  adv i s ing  the  a v i a t i o n  community of repor ted  hazards embed- 
ded i n  condi t ions  o r  f a i l u r e s  i n  these  ca t egor i e s .  
Table 3 shows the  d i s t r i b u t i o n  of r e p o r t s  as t o  t h e i r  f i n a l  outcomes. 
The f i n a l  outcome i s  t h e  l a s t  l i n k  i n  the  cha in  of events  comprising an 
occurrence before  recovery (chance o r  some kind of human i n t e r v e n t i o n )  
t akes  place.  Several  k inds  of f i n a l  outcomes are tabula ted .  Some 
rep resen t  i n s t ances  where the  event  cha in  has progressed t o  t h e  poin t  
where a l l  t he  elements of an acc iden t  are present .  The " a i r c r a f t  separa- 
t i o n  anomalies", "cont ro l led  f l i g h t  toward t e r r a i n " ,  and " a i r c r a f t  out of 
con t ro l "  i t e m s  f a l l  i n  t h i s  category.  Another kind of outcome inc ludes  a 
v a r i e t y  of in te rmedia te  events :  human e r r o r s ,  a i r c r a f t  ou t  of p o s i t i o n ,  
and equipment fa i lures--cases  where the  event  cha in  ended without  a l l  e l e -  
ments of an acc iden t  being present .  Thus, the  t a b l e  i n d i c a t e s  t h a t  10.1 
percent  of t h e  r e p o r t s  i n  t h e  database desc r ibe  occurrences t h a t  cul-  
minated i n  a c o n t r o l l e r  e r r o r  which w a s  co r rec t ed  before  i t  could cause 
f u r t h e r  d i f f i c u l t y .  There are ,  of course,  many o the r  c o n t r o l l e r  e r r o r s  
contained i n  the  occurrences whose f i n a l  outcomes w e r e  a i r c r a f t  s epa ra t ion  
anomalies or  c o n t r o l l e d  f l i g h t  toward t e r r a i n .  F i n a l l y ,  the category 
" s i tua t ions"  r e f e r s  t o  r e p o r t s  t h a t  desc r ibe  cont inuing hazards a t  
s p e c i f i c  l o c a t i o n s  ( i . e . ,  inadequate l i g h t i n g  a t  an a i r p o r t )  as opposed t o  
t h e  occurrence r e p o r t s  making up t h e  rest of t h e  database.  
Figure 2 names and desc r ibes  the  gene r i c  c a t e g o r i e s  of human e r r o r  
i d e n t i f i e d  i n  the  ASRS database.  Although t h e  consequences of human e r r o r  
recorded i n  ASRS r e p o r t s  vary  widely,  t h i s  l i s t  of ca t egor i e s  i s  r e l a -  
t i v e l y  s m a l l  because e f f o r t  has  been devoted t o  i s o l a t i n g  and d e f i n i n g  
gene r i c  ca t egor i e s  of e r r o r  a t  a use fu l  l e v e l  of d e t a i l .  The th ink ing  
l ead ing  t o  t h i s  l i s t i n g  i s  based on d e f i n i t i o n s  of behaviora l  func t ions  i n  
a v i a t i o n  from Barnhart ,  et a1 ( r e f .  3 ) .  These, then ,  are the  elements 
considered a t  t h e  human e r r o r  node of t he  epidemiological  model of t he  
a v i a t i o n  s y s t e m ,  Figure 1. 
*The "primary problem", no t  t o  be confused with probable cause,  is def ined  
i n  t h e  ASRS Operations Manual as "a judgement as t o  the type of problem 
leading  t o  o r  revealed by a p a r t i c u l a r  occurrence o r  s i t ua t ion . "  
A TAXONOMY OF AVIATION OCCURRENCES 
To apply t h e  epidemiological  method i n  a v i a t i o n  s a f e t y  a n a l y s i s ,  it 
i s  necessary t o  order  t h e  information contained i n  t h e  human e r r o r  r e p o r t s  
i n  c a t e g o r i e s  commensurate with t h e  elements of t h e  model. This means 
t h a t  t h e  n a r r a t e d  occurrences must be decomposed i n t o  outcomes, human 
e r r o r s ,  predisposing condi t ions ,  etc. 
A means of doing t h i s  g e n e r a l l y  a p p l i c a b l e  t o  a l l  occurrence r e p o r t s  
w a s  found i n  viewing t h e  occurrences as cha ins  of d i s c r e t e  events .  A 
g r e a t  many d i f f e r e n t  k inds  of events  a r e  depicted i n  t h e  r e p o r t s .  Some 
are near-accidents ,  as when two a i r c r a f t  narrowly avoid c o l l i d i n g ,  o r  a 
p i l o t ' s  f a u l t y  naviga t ion  heads an a i r c ra f t  toward high t e r r a i n  i n s t e a d  o f  
t h e  proper approach t r a c k .  Others descr ibe  p o t e n t i a l l y  hazardous i r regu-  
l a r i t i e s  i n  t h e  opera t ion  of the a v i a t i o n  system, such as d e v i a t i o n  from 
an assigned a l t i t u d e  o r  course,  f a i l u r e s  i n  coord ina t ion  between ATC 
f a c i l i t i e s ,  f a i l u r e s  of many k inds  i n  air-ground communications, o r  events  
r e f l e c t i n g  procedural  o r  o p e r a t i o n a l  mistakes on t h e  p a r t  of p i l o t s  o r  
c o n t r o l l e r s .  F i n a l l y ,  some r e p o r t s  descr ibe  hazardous condi t ions  deeply 
embedded--latent--in t h e  system such as a def ic iency  i n  a l e t te r  of agree- 
ment between two ATC f a c i l i t i e s ,  poor t r a i n i n g  procedures,  v i s u a l l y  
confusing l i g h t i n g  a t  an  a i r p o r t ,  o r  e a s i l y  misread c h a r t s .  Nearly a l l  
t h e  r e p o r t s  d e s c r i b e  sequences of such events  and many cover t h e  f u l l  
spectrum running from t h e  e x i s t e n c e  of a l a t e n t  hazard condi t ion  through a 
series of i r r e g u l a r i t i e s  t o  the  onse t  of a near-accident.  
Figure 3 i l l u s t r a t e s  an  event  sequence involv ing  an a l t i t u d e  devia- 
t i o n  t h a t  l e d  t o  a c o n f l i c t .  The occurrence w a s  reported t o  ASRS i n  t h i s  
way : 
Captain w a s  f l y i n g .  I w a s  c o p i l o t .  H e  began descent  f a r  enough 
ou t  t o  make a l t i t u d e  r e s t r i c t i o n s  but d i d  n o t  keep descent  ra te  
h igh  enough t o  comply wi th  STAR ( p r o f i l e  descent).  He made 
s e v e r a l  c o r r e c t i o n s  and comments which l e d  m e  t o  t h i n k  he w a s  
going t o  make t h e  prescr ibed  a l t i t u d e / f i x  b u t  h e  d idn ' t  keep the 
c o r r e c t i o n s  i n  long enough. I w a s  d i s t r a c t e d  by turbulence and 
weather. We were s e v e r a l  thousand feet  h i g h  a t  t h e  f ix .  Con- 
t r o l l e r  advised he l o s t  s e p a r a t i o n  between us and a n  outbound 
b u t  w e  d idn ' t  see t h e  o t h e r  a i r c r a f t .  A f a c t o r  w a s  t h a t  w e  had 
a 0500 depar ture  which means ( f o r  m e >  g e t t i n g  up a t  0230 t o  
l eave  home by 0300 and I have d i f f i c u l t y  g e t t i n g  enough s l e e p  
p r i o r  t o  t h a t  kind of schedule.  Although I d idn ' t  f e e l  s leepy 
during the descent  and he didn ' t  appear t o  be ,  w e  a p p a r e n t l y  
weren't sharp as usual .  Although I mentioned t h e  c r o s s i n g  a l t i -  
tude  once or  t w i c e ,  I should have "bugged" him more about  i t .  
This  occurrence scenar io  i s  r e p r e s e n t a t i v e  of t h e  l a r g e  body of 
repor ted  a l t i t u d e  anomalies now i n  t h e  database.  I n  t h i s  case, t h e  devia- 
t i o n  w a s  caused by simultaneous performance f a i l u r e s  of t h e  p i l o t  and 
c o p i l o t  i n  which t h e  p i l o t  missed a c r o s s i n g  r e s t r i c t i o n  while  f l y i n g  an  
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approach and the  c o p i l o t  , momentarily r e l ax ing  from h i s  monitoring r o l e  , 
f a i l e d  t o  observe and c a l l  ou t  t h e  e r r o r .  The a l t i t u d e  dev ia t ion  r e s u l t e d  
i n  a c o n f l i c t  because of  t h e  chance event  t h a t  t h e  a i r c r a f t ' s  a c t u a l  a l t i -  
tude w a s  occupied by another  a i r c r a f t .  The crew e r r o r  was a t t r i b u t e d  t o  
f a t i g u e .  
The "occurrence" i n  t h i s  case was repor ted  t o  ASRS as a s i n g l e  e n t i t y  
but  i s  r e a d i l y  decomposed i n t o  t h e  seven events  depicted.  Each event  i s  
d i s c r e t e ,  involving an a c t o r  and a r e l a t e d  a c t i o n  t ak ing  p lace  i n  a f i n i t e  
i n t e r v a l  of t i m e  and having a d e f i n i t e  beginning and ending. Each event  
could occur  i n  q u i t e  d i f f e r e n t  sequences (i.e.,  wi th  d i f f e r e n t  precedent 
and subsequent even t s )  and the  p a r t i c u l a r  sequence depic ted  here  could 
have terminated a t  any poin t  ( i .e . ,  a f a t igued  crew might not n e c e s s a r i l y  
make any e r r o r s  s o  the  sequence would have stopped a t  t he  second 
event--and y e t  could have drawn an  ASRS r e p o r t  from one of t he  crewmembers 
desc r ib ing  f a t i g u e  r e s u l t i n g  from long ,  boring f l i g h t s ) .  An important 
aspect of t h e  event  cha in  concept i s  t h a t  each d i s c r e t e  event  can be 
viewed as a cause of t he  subsequent one and an e f f e c t  of t he  preceding 
one. 
In t h e  course of analyzing a l a r g e  number of repor ted  occurrences i n  
t h i s  way, t he  ASRS re sea rch  s t a f f  developed the  event  c l a s s i f i c a t i o n  
schema ind ica t ed  i n  Figure 3. It i s  termed the  "time/sequence event  clas- 
s i f i c a t i o n "  and has been of g r e a t  usefu lness  t o  the research  s t a f f  i n  
framing t rend  a n a l y s i s  s t u d i e s  and i n  o t h e r  t a s k s  where i t  was necessary 
t o  d e a l  i n  terms of event f requencies  r a t h e r  than r e p o r t  o r  occurrence 
f requencies .  Figure 4 presents  t h e  d e f i n i t i o n s  f o r  t he  fou r  ca t egor i e s .  
The s i g n i f i c a n c e  of t h e  t imelsequence event  c l a s s i f i c a t i o n ,  however, 
l i e s  i n  i t s  per t inence  t o  the  epidemiological  model. This i s  ind ica t ed  i n  
the  lower pa r t  of Figure 3 showing how the  two c l a s s i f i c a t i o n s  i n t e r -  
re la te .  Although t h e  r e g i s t r a t i o n  is not  exac t  ( t h e  " l a t e n t  hazards" 
group inc ludes  both the  "environment" and "predispos i t ion"  components), it 
does r evea l  how w e l l  the  event  chain concept lends  i t s e l f  t o  decomposing 
the  occurrences i n t o  the  separate components of t h e  model. The event  
chain elements i n  each occurrence have been i d e n t i f i e d  by sepa ra t e  
d e s c r i p t o r s  en tered  i n t o  the  record f o r  each repor t .  tieports can be 
r e t r i e v e d  by searching  t h e  database with each d e s c r i p t o r  of i n t e r e s t .  The 
SCHEDULING/FLIGHT CREW", "FLIGHT CREW FATIGUE" , "ALTITUDE CROSSING RE - 
STRICTION" , "CLEARANCE INTERPRETATION", "COCKPIT COORDINATION/MONITORING" , 
"ALTITUDE DEVIATION/ALTITUDE UNDERSHOT", "UNAUTHORIZED DESCENT THROUGH 
OCCUPIED ALTITUDE", "POTENTIAL CONFLICT". Datasets c o n s i s t i n g  of a l l  
r e p o r t s  coded with each of these  event  d e s c r i p t o r s  could r e a d i l y  be formed 
wi th  the  r e t r i e v a l  powers of t he  BASIS sof tware.  Thus, t h e r e  are 5 
r e p o r t s  i n  the  present  database i n  which t h e  work schedul ing d e s c r i p t o r  
appeared, 17 with f l i g h t  crew f a t i g u e ,  149 c ross ing  r e s t r i c t i o n s ,  etc. 
These are t h e  "counts" of model components present  i n  t h e  database 
r e l evan t  t o  t h e  type  of occurrence depicted above. 
example r e p o r t ,  f o r  i n s t ance ,  would have t h e  d e s c r i p t o r s :  "WORK 
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Figure  5 shows t h e  most p reva len t  events  o r  cond i t ions  i n  t h e  present  
ASRS da tabase  a t  each  of t h e  model component l o c a t i o n s .  It is  s i g n i f i c a n t  
t h a t  t h e  most f r equen t ly  repor ted  human e r r o r  i s  f a u l t y  ope ra t ing  tech- 
nique i n  communicating; perceptua l  and v i g i l a n c e  problems are next  i n  
rank. The l ead ing  predispos ing  cond i t ion  r epor t ed  is  d i s t r a c t i o n  which, 
of course ,  t a k e s  many forms i n  t h e  cockpi t  and t h e  ATC c o n t r o l  f a c i l i t y .  
D i s t r a c t i o n  i s  followed c l o s e l y  by excess workload and t h e r e  i s  an obvious 
r e l a t i o n s h i p  between t h e s e  two cond i t ions .  Complacency, a l though most 
d i f f i c u l t  t o  de f ine  because of i ts  s u b j e c t i v i t y ,  is f r equen t ly  repor ted  o r  
implied as i s  t h e  e x i s t e n c e  of s t r a i n e d  i n t e r p e r s o n a l  r e l a t i o n s h i p s  among 
t h e  human p a r t i c i p a n t s .  The p reva len t  sources  c i t e d  i n  t h e  o p e r a t i o n a l  
and phys ica l  environments are s e l f  explana tory  bu t  it i s  noteworthy t h a t  
i n  t h e  contex t  of s tudying  human e r r o r  i n  a v i a t i o n ,  equipment f a i l u r e  i s  
t r e a t e d  as an environmental f a c t o r  capable of s e t t i n g  up a predispos ing  
cond i t ion  f o r  e r r o r s .  
A t  t h e  outcomes l e v e l  i n  t h e  model, t he  only  kind of near-accidents 
r epor t ed  f r equen t ly  t o  ASRS are a i r c r a f t  s e p a r a t i o n  anomalies ( c o n f l i c t s ) .  
This i s  confirmed by t h e  d a t a  i n  Table 3.  Many a i r c r a f t  p o s i t i o n  
anomalies are r epor t ed  of which a l t i t u d e  d e v i a t i o n s  ("busts") are most 
preva len t .  Cases where an a i r c r a f t  i n a d v e r t e n t l y  g e t s  i n t o  an i n c o r r e c t  
ca tegory  of airspace,  as when ATC mishandles a handoff between s e c t o r s ,  
a r e  f r equen t ly  repor ted .  As i n d i c a t e d  i n  t h e  upper r i g h t  p a r t  of t h e  f ig -  
u r e ,  human e r r o r s  are most o f t e n  co r rec t ed  before  a system pe r tu rba t ion  
can occur by t imely i n t e r v e n t i o n  on t h e  p a r t  of c o n t r o l l e r s  or  by t h e  
quick response o f  f l i g h t  crews. 
The c i t a t i o n s  i n  Figure 5 show only the  more preva len t  events  or fac- 
t o r s  a t  t h e  va r ious  model component l o c a t i o n s .  There are many o t h e r s  
r epor t ed ;  t he  da tabase  index con ta ins  thousands of terms. However, t he re  
i s  no e x p l i c i t  causa l  r e l a t i o n s h i p  among the  events  and f a c t o r s  i n  Figure 
5--they are merely independent l i s t i n g s  a t  each component. The way the  
model a c t u a l l y  mani fes t s  i t s e l f  i n  t h e  conduct of a r e sea rch  i n v e s t i g a t i o n  
i s  b e s t  understood through examination of p a s t  s t u d i e s  i n  which epidemio- 
l o g i c a l  methods were employed. 
EPIDEMIOLOGY I N  ASRS RESEARCH 
Three example ASRS s t u d i e s  w i l l  i l l u s t r a t e  t h e  use of t h e  method. 
Reports on two of them appeared i n  NASA ASRS Quar te r ly  Reports;  t he  t h i r d  
w a s  s e p a r a t e l y  repor ted .  
o Human Fac to r s  Associated With P r o f i l e  Descents ( r e f .  4 )  
o Distraction--A Human Fac tor  i n  A i r  Carrier Hazard Events 
( ref .  5)  
s p o r t  Operations ( r e f .  6) 
o Fa t igue  and Associated Performance Decrements i n  A i r  Tran- 
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Epidemiology i s  not mentioned i n  any of t h e s e  r e p o r t s  nor a r e  t h e  
model's s t r u c t u r e  o r  terminology employed e x p l i c i t l y  i n  t h e  d i scuss ions  of 
t h e  i n v e s t i g a t i v e  s t e p s  o r  conclusions.  A s  w i l l  b e  shown, epidemiology 
w a s  t h e  underlying method used i n  ob ta in ing  t h e  r e s u l t s  i n  each case even 
though i t  w a s  no t  d i scussed  i n  t h e i r  d e s c r i p t i o n s .  
Human Fac to r s  Associated With P r o f i l e  Descents 
P r o f i l e  descents  are published te rmina l  a r r i v a l  procedures intended 
t o  save t i m e  and f u e l .  They provide an u n r e s t r i c t e d  descent  from c r u i s i n g  
a l t i t u d e  o r  f l i g h t  l e v e l  t o  i n t e r c e p t i o n  of g l i d e  s lope .  Headings and 
c ross ing  a l t i t u d e s  dur ing  t h e  descent  are s p e c i f i e d .  The procedures were 
exper imenta l ly  implemented a t  s e v e r a l  t e rmina l s  during 1976. Shor t ly ,  a 
cons iderable  number of r e p o r t s  a r r i v e d  a t  ASRS i n d i c a t i n g  d i f f i c u l t i e s  
wi th  t h e  p r o f i l e  descen t s ,  the m a j o r i t y  of which were a l t i t u d e  dev ia t ions .  
ASRS then performed a s tudy  wi th  t h e  purpose of d i scover ing  the  na tu re  and 
causes of the  problems. 
In terms of t h e  ep idemiologica l  model, t he  only  known f a c t o r s  a t  the 
o u t s e t  of t h i s  s tudy  were outcomes--primarily system p e r t u r b a t i o n s  i n  t h e  
form of a l t i t u d e  d e v i a t i o n s ,  some of which progressed t o  near-accidents 
when t h e  devian t  a l t i t u d e s  proved t o  be occupied. The s tudy  hypothesis 
w a s  t h a t  t h e  p r o f i l e  descent  procedures were o p e r a t i o n a l  environment fac- 
t o r s  r e l a t e d  t o  these  undes i r ab le  outcomes by some cha in  of human e r r o r  
and predispos ing  condi t ion .  The s tudy  cons i s t ed  o f  examining r e p o r t s  on 
t h e  p r o f i l e  descent problems a t  two te rmina l  a r e a s  (Denver and At lan ta)  t o  
ca t a logue  t h e  e r r o r s  and cond i t ions  p re sen t .  
The occurrence ana lyses  r e s u l t e d  i n  i d e n t i f i c a t i o n  of f i v e  "problem 
areas" t h a t  c l e a r l y  connected t h e  outcomes with t h e  p r o f i l e  descent pro- 
cedures thus  e s t a b l i s h i n g  l o g i c a l l y  the  v a l i d i t y  of t h e  hypothes is  t h a t  
t h e  procedures and observed outcomes were c a u s a l l y  r e l a t e d .  The f i v e  
problem a r e a s  were: 
o P r o f i l e  descent c h a r t s  
o P r o f i l e  descent c l ea rances  
o P r o f i l e  descent  r u l e s  and procedures 
o A i r c r a f t  ope ra t ions  i n  p r o f i l e  descents  
o Human f a c t o r s  i n  p r o f i l e  descents  
The c h a r t  problems w e r e  crewmembers' misreading o r  s e l e c t i n g  t h e  
wrong chart f o r  t h e  ass igned  descent--perceptual e r r o r s  r e l a t e d  t o  the  
poor des ign  of t h e  c h a r t s  which made them complex and c l u t t e r e d .  The de- 
scent clearance problems were a l l  f l i g h t  c r e w  e r r o r s  i n  communications 
technique whereas t h e  problems wi th  r u l e s  and procedures pe r t a ined  t o  
f l i g h t  c r e w  misunderstanding of them due t o  complexity and/or ambiguity. 
The problems c i t e d  regard ing  a i r c r a f t  ope ra t ions  r e f l e c t e d  m i s  judgement 
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e r r o r s  involving descent  rates. Thus, t h e  f i r s t  f o u r  o f  t h e  problem areas 
were enumerations of t h e  var ious  human e r r o r s  causing the  observed out- 
comes. 
The f i f t h  problem area w a s  mainly a r e c i t a t i o n  o f  t h e  predisposing 
condi t ions  causing t h e  e r r o r s .  Severa l  were l o g i c a l l y  r e l a t a b l e  t o  t h e  
p r o f i l e  descent  procedures themselves; i .e.,  poor c h a r t  des ign  g iv ing  rise 
t o  c h a r t  complexity and c l u t t e r ,  e x t r a  workload and d i s t r a c t i o n  imposed by 
t h e  n a t u r e  o f  t h e  procedures,  and u n f a m i l i a r i t y  wi th  t h e  procedures a l l  
were present  and i n t e r a c t i n g  f a c t o r s .  Superimposed on t h e s e ,  i n  s e v e r a l  
cases, were f l i g h t  crew f a t i g u e  o r  weather f a c t o r s  tha t  were n o t  d i r e c t l y  
r e l a t e d  t o  t h e  p r o f i l e  descent  procedures but  exacerbated those adverse  
condi t ions  t h a t  were. 
These f ind ings  not  only supported t h e  hypothesis  convincingly but  
i d e n t i f i e d  t h e  most s e r i o u s  of t h e  f a c t o r s  causing t h e  e r r o r s .  This w a s  a 
predisposing condition--the complex and c l u t t e r e d  des ign  of t h e  c h a r t s  
a v a i l a b l e  t o  t h e  f l i g h t  crews. This condi t ion  w a s  r e c t i f i e d  and s h o r t l y  
a f te rwards  a notab le  decrease i n  p r o f i l e  descent  e r r o r  r e p o r t s  a t  t h e  per- 
t i n e n t  te rmina ls  w a s  observed a t  ASRS. 
Distraction--A Human Factor  i n  
A i r  Carrier Hazard Events 
An ASRS s tudy  of f l i g h t  crew d i s t r a c t i o n ,  observed t o  be t h e  most 
f r e q u e n t l y  c i t e d  f a c t o r  i n  a i r  carr ier  r e p o r t s ,  began i n  t h e  f a l l  of 1978 
as a p a r t  of a series of human f a c t o r  i n v e s t i g a t i o n s .  The purpose of t h e  
s tudy was t o  d iscover  t h e  k inds  of d i s t r a c t i o n s  t h a t  a f f e c t  f l i g h t  crew 
performance, t h e i r  sources ,  t he  ser iousness  of t h e i r  e f f e c t s ,  and t o  com- 
ment on p o s s i b l e  remedies. The epidemiological  method was used i n  t h e  
s tudy t o  a s s o c i a t e  t h e  cause and e f f e c t  chain. 
I n  terms of t h e  model, t h e  s t a r t i n g  p o i n t  f o r  t h i s  s tudy ,  i n  c o n t r a s t  
t o  t h e  one previously descr ibed ,  w a s  t h e  a r b i t r a r y  i d e n t i f i c a t i o n  o f  d i s -  
t r a c t i o n  as a predisposing condi t ion  f o r  e r r o r s .  Epidemiology w a s  used 
d e s c r i p t i v e l y  t o  c l a s s i f y  d i s t r a c t i o n s  by g e n e r i c  type and then t o  associ-  
a te  those  types  with t h e  environmental  f a c t o r s  c i t e d  as causing them and 
t h e  types  of e r r o r s  and outcomes descr ibed as r e s u l t i n g  from them. Sta- 
t i s t i c a l  techniques were no t  employed; t h e  i n g r e d i e n t  used i n  making t h e  
c l a s s i f i c a t i o n s  and confirming t h e  cause-effect  a s s o c i a t i o n s  w a s  t h e  
e x p e r t i s e  of t h e  i n v e s t i g a t o r ,  an experienced a i r l i n e  p i l o t  and s a f e t y  
researcher  
Analysis of t h e  d a t a s e t  of 169 r e p o r t s  r e s u l t e d  i n  t h e  following 
c l a s s i f i c a t i o n s  and a s s o c i a t i o n s  among f a c t o r s :  
o F l i g h t  crew d i s t r a c t i o n s  f a l l  i n t o  two g e n e r i c  classes: (1) 
Those a r i s i n g  from non-flight opera t ions  a c t i v i t i e s  ( p u b l i c  
address  announcements, on/off block messages, logbook paper- 
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work, handl ing flight-servicelpassenger problems, and 
untimely cockpi t  conversat ions)  and ( 2 )  t hose  imposed by 
f l i g h t  opera t ions  t a s k s  i n t e r n a l  t o  crew funct ioning  and 
f r equen t ly  c i t e d  i n  r e p o r t s  as "excessive workload" (running 
c h e c k l i s t s ,  looking f o r  t r a f f i c ,  communicating wi th  ATC, 
coping with minor malfunctions , avoiding weather bui ldups , 
and monitoring radar ) .  
o The sources  of d i s t r a c t i o n  as a predisposing condi t ion  were 
t raced  t o  o p e r a t i o n a l  environment f a c t o r s .  The two most 
s i g n i f i c a n t  were ( 1 )  company r u l e s  and procedures d i r e c t e d  
t o  maximizing passenger comfort and s e r v i c e  and ( 2 )  t h e  
inhe ren t  complexity of t h e  f l i g h t  crew's job mandated by the 
technology of t h e  modern je t  a i r p l a n e  and the  ATC system i n  
which i t  func t ions .  
o Two k inds  of human e r r o r s  a rose  from d i s t r a c t i o n s :  f a i l u r e s  
on t h e  p a r t  of i nd iv idua l s  t o  perform an e s s e n t i a l  t a s k  such 
as t r a f f i c  watch and, even more c r i t i c a l ,  breakdowns i n  crew 
coord ina t ion  o r  crew management. Both are f a i l u r e s  i n  
ope ra t ing  technique involving c o n t r o l l i n g ,  communicating and 
monitor ing behaviors .  
c) Overwhelmingly, i n  t h e  d a t a s e t  used i n  t h i s  s tudy ,  the out- 
comes of t he  d i s t r a c t i o n  occurrences were system perturba-  
t i o n s  i n  t h e  form of a l t i t u d e  dev ia t ions ,  many of which led  
i n t o  c o n f l i c t  s i t u a t i o n s .  Other outcomes cons i s t ed  of 
f a i l u r e s  t o  see t r a f f i c  -- a l s o  product ive of c o n f l i c t s  -- 
unauthorized pene t r a t ions  of airspace, landings  o r  t akeof f s  
without  c learance ,  and, i n  a few cases, success fu l  correc-  
t i o n  of an e r r o r .  
The average q u a l i t y  of the  r e p o r t s  i n  t h i s  d a t a s e t  w a s  e x c e l l e n t ;  
many of them depic ted  a s s o c i a t i o n s  among d i s t r a c t i o n s ,  e r r o r s ,  and out- 
comes with p rec i s ion  and d e t a i l .  The s tudy r e s u l t s  not only served t o  
d e l i n e a t e  t h e  problems involved with d i s t r a c t i o n  bu t  suggested considera- 
t i o n s  important t o  remedial  ac t ion .  The causes  of nonoperat ional  d i s t r a c -  
t i o n s ,  f o r  example, may be minimized by continued emphasis on cockpi t  
p r i o r i t i e s  through both w r i t t e n  procedures as i n  f l i g h t  ope ra t ions  manu- 
a l s ,  and cons tan t  command a t t e n t i o n  t o  optimum use  of cockpi t  resources .  
Trends i n  cockpi t  design are aimed a t  s i m p l i f i c a t i o n  of t h e  t a s k s  involved 
and many of t he  r e p o r t s  i n d i c a t e  t h a t  t h i s ,  i f  achieved, would s i g n i f i -  
c a n t l y  reduce t h e  d i s t r a c t i o n  burden. It is  noteworthy t h a t  r egu la to ry  
measures aimed a t  reducing non-operational a c t i v i t y  d i s t r a c t i o n s  i n  a i r  
carr ier  cockp i t s  are being a c t i v e l y  considered ( r e f .  7 ) .  ASRS d a t a  ind i -  
c a t e  t h a t  t he re  i s  a cons iderable  oppor tuni ty  f o r  s a f e t y  improvement i n  
c o n t r o l l i n g  d i s t r a c t i o n s  and they  are acknowledged t o  have pointed the  way 
toward achiev ing  t h a t  con t ro l .  
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Fat igue  and Associated Performance 
Decrements i n  A i r  Transport  Operations 
Although r e l a t i v e l y  few r e p o r t s  about f a t i g u e  i n  a v i a t i o n  ope ra t ions  
have been r ece ived ,  pub l i c  and Congressional concern prompted the  conduct 
of an  ASRS s tudy  on t h e  t o p i c  during t h e  summer of 1980. The purpose w a s  
t o  assess t h e  e f f e c t s  of f a t i g u e  on a i r  crew performance by examining the  
hypothes is  t h a t  s k i l l  f a t i g u e  and a s soc ia t ed  performance decrements occur 
and are a s s o c i a t e d  wi th  some combination of such f a c t o r s  as s l e e p  d e f i c i t ,  
work schedules ,  c i r c a d i a n  desynchronosis ( e f f e c t s  of je t  l a g ) ,  and t h e  
l i k e .  
The reader  w i l l  d i s c e r n  t h e  o u t l i n e  of t h e  ep idemiologica l  model i n  
t h e  preceding s ta tement  of purpose. 
p red ispos ing  cond i t ion  a r i s i n g  from a v a r i e t y  of ope ra t iona l  environmental 
f a c t o r s  having t o  do wi th  trans-meridian f l i g h t s  and va r ious  scheduling 
i s s u e s .  Fu r the r ,  t h e  hypothes is  assumed t h a t  f a t i g u e  w a s  capable of pro- 
ducing performance decrements -- human e r r o r s  -- l ead ing  t o  p o t e n t i a l l y  
hazardous outcomes. 
Fa t igue  was hypothesized t o  be  t h e  
The ep idemiologica l  method w a s  used somewhat more r igo rous ly  i n  t h i s  
s tudy  than i n  t h e  two descr ibed  previous ly  s i n c e  some s t a t i s t i c a l  a n a l y s i s  
en tered  t h e  s tudy  procedure as w e l l  as d e s c r i p t i v e  a n a l y s i s  t o  e s t a b l i s h  
a s s o c i a t i o n s .  The f a t igue - re l a t ed  d a t a s e t  of 7 7  occurrences w a s  compared 
i n  s e v e r a l  respects with a s i m i l a r l y  r e t r i e v e d  set of repor ted  performance 
e r r o r s  where f a t i g u e  w a s  not p re sen t .  These comparisons showed t h a t  t h e  
f a t igue - re l a t ed  occurrences involved p a t t e r n s  of e r r o r  and outcome s i g n i f -  
i c a n t l y  d i f f e r e n t  from t h e  non-fatigue-related ones. 
a n a l y s i s  coupled with t h e  s t a t i s t i c a l  comparisons supported seven conclu- 
s i o n s  regard ing  f a t i g u e .  
The d e s c r i p t i v e  
o Fatigue-associated performance decrements occur;  
o Fatigue-associated performance decrements can produce poten- 
t i a l l y  hazardous condi t ions ;  
o Only a s m a l l  f r a c t i o n  of performance decrements repor ted  t o  
ASRS are a s s o c i a t e d  with f a t i g u e  by t h e i r  r e p o r t e r s ;  
o The performance decrements a s s o c i a t e d  wi th  f a t i g u e  d i f f e r  i n  
frequency, but not i n  kind, from those  occur r ing  i n  i t s  
absence ; 
o F a i l u r e s  i n  monitoring t a s k s  are descr ibed  f r e q u e n t l y  i n  
f a t igue -as soc ia t ed  performance decrements r e p o r t s ;  
o Long du ty  pe r iods ,  l a r g e  numbers of f l i g h t  segments, and 
d i s t u r b e d  s l e e p  are f r equen t ly  repor ted  as t h e  reasons  f o r  
f a t i g u e  a s s o c i a t e d  wi th  performance decrements; 
o The ASRS d a t a  do no t  permit a conclusion as t o  the  e f f e c t  of 
c i r c a d i a n  desynchronosis on f l y i n g  performance. 
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I n  t h i s  s tudy ,  t h e  p r a c t i c e  of epidemiological  a n a l y s i s  i n  conjunc- 
t i o n  with ASRS d a t a  may be s a i d  t o  have reached some degree o f  m a t u r i t y  
s i n c e  t h e  c lass ic  case h i s t o r y  comparison procedure (comparison o f  a popu- 
l a t i o n  having a phenomenon with a similar one n o t  having it) w a s  employed 
f o r  t h e  f i r s t  t i m e .  It i s  of course,  n o t  y e t  known whether ASRS d a t a  w i l l  
c o n s i s t e n t l y  be capable  o f  support ing a n a l y s i s  i n  t h i s  somewhat more 
r igorous  way b u t  i t  is  i n d i c a t i v e  t ha t ,  a t  t h e  t i m e  o f  prepara t ion  of t h i s  
paper ,  t w o  o t h e r  ASRS r e s e a r c h  i n v e s t i g a t i c n s  are proceeding us ing  case 
h i s t o r y  comparison procedures. 
CON CLU S I  ON S 
The ASRS program has developed s u c c e s s f u l l y  a long t h e  l i n e s  o r i g i -  
n a l l y  envisioned. It has  secured and r e t a i n e d  t h e  confidence o f  t h e  
members of t h e  a v i a t i o n  community so  t h a t  submission o f  t h e  voluntary  
r e p o r t s  has  n o t  only continued but  has  increased i n  volume s i n c e  t h e  
beginning of t h e  program. The average q u a l i t y  of t h e  r e p o r t s  i s  h i g h  and 
they  are pr imar i ly  concerned with human e r r o r  i n  opera t ions .  It has  
proved f e a s i b l e  t o  analyze t h e  r e p o r t s ,  t o  a b s t r a c t  p e r t i n e n t  information 
from them, and t o  s t o r e  i t  i n  highly r e t r i e v a b l e  form i n  a computerized 
database.  The des ign  of t h e  database h a s  provided an e f f e c t i v e  means f o r  
a r ranging  t h e  d a t a  i n  ways t h a t  f a c i l i t a t e  t h e  a p p l i c a t i o n  o f  t h e  epi-  
demiological method. 
Epidemiology has been a n  e f f e c t i v e  t o o l  i n  t h e  conduct of research  
i n v e s t i g a t i o n s  us ing  ASRS information. It has  been present  e i t h e r  impli- 
c i t l y  o r  e x p l i c i t l y  i n  a l l  of t h e  s t u d i e s  performed t o  d a t e  and has pro- 
v ided  t h e  p r i n c i p a l  s t r a t e g i c  approach i n  many. The r e s u l t s  obtained 
v a l i d a t e  f u l l y  t h e  design of t h e  ASRS. Information and new knowledge 
about  a v i a t i o n  s a f e t y  matters gleaned from t h e s e  s t u d i e s  are flowing t o  t h e  
a v i a t i o n  community i n  t h e  form of published t e c h n i c a l  r e p o r t s .  Sixteen 
such r e p o r t s  have been published -- a l l  but  two i n  NASA Quar te r l ies .  All 
have contained information u s e f u l  t o  t h e  o p e r a t i n g  community and i n  
s e v e r a l  ca ses ,  as exemplified in Reference 7 ,  ASRS r e s e a r c h  r e s u l t s  are 
being used i n  br inging  about changes t o  i n c r e a s e  a v i a t i o n  sa fe ty .  
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TABLE 1. - SOURCES OF REPORTS 
Percent of 
t o t a l  r e p o r t s  Rep o r  t e r 
C o n t r o l l e r s  
P i l o t s  
A i r  Force 
C r e w  members 
Navy 
Observers 
Passengers 
Unknown 
48.1 
40.7 
5.0 
4.0 
1.3 
.7 
.2 
neg . 
TABLE 2. - PRIMARY PROBLEMS 
Problem d e s c r i p t i o n  
~ ~ ~ ~~~ 
Percent  of 
t o t a l  r e p o r t s  
Human e r r o r  -- flight crew 
Human e r r o r  -- ATC 
45.4 
39.8 
Ground navigat ion o r  communication 
equipment f a i l u r e  4.5 
Airport  phys ica l  o r  i n s t i t u t i o n a l  problem 3.4 
Aircraft o r  a i r c r a f t  equipment f a i l u r e  3.1 
Publ ica t ions  problems 
Other ( inc luding  weather r e l a t e d )  
1 e 6  
2.2 
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TABLE 3. - OCCURRENCE OUTCOMES 
Percent of 
total reports Out come 
AircraftIAircraft Separation Anomaly 51.1 
Flight crew errors 14.3 
Controller errors 10.1 
Aircraft out of position 7.9 
Situations 7.9 
Ground equipment failures 
Airborne equipment. failures 
Controlled flight toward terrain 
Aircraft out of control 
Other 
3.6 
2.4 
.5 
.4 
1 e 8  
SYSTEM 
ACCIDENT PERTURBATION 
NO SIGNIFICANT 
ILLNESS FATAL 
OUTC,REcTRy, ESS NEAR-ACCIDENT OR CORRECTION 
SYMPTOMS AND SIGN H t N  
t 
ERROR 
f 
PREDISPOSING 
CONDITION, 
ATTITUDE, 
DISEASE 
PHYSICAL OPERATIONAL MIND PHYSICAL 
ENVIRONMENT ENVIRONMENT ENVIRONMENT ENVIRONMENT 
SOCIAL 
Figure 1.- The epidemiological model and its aviation system analogy. 
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Perceptua l  F a i l u r e  
A f a u l t  i n  t h e  c o g n i t i v e  behavior  by which one g a i n s  awareness  of 
t h e  environment through p h y s i c a l  s e n s a t i o n  i n t e r p r e t e d  i n  t h e  
l i g h t  of exper ience  and accumulated knowledge; incomplete  under- 
s t a n d i n g  of a s i t u a t i o n .  
~~ 
HAZARDS 
Loss of Vig i lance  
A s p e c i a l  form of p e r c e p t u a l  f a i l u r e  wherein s u b j e c t  f a i l s  t o  
main ta in  a l e r t  watchfu lness  t o  avoid  danger .  
FAULT EVENTS ANOMALIES 
PILOT MISSES 
F a u l t y  Exerc ise  of D i s c r e t i o n  
PREDISPOSING 
CONDITION 
The making of an i n c o r r e c t  choice  among a v a i l a b l e  a l t e r n a t i v e  
c o u r s e s  of a c t i o n ;  poor d e c i s i o n  making. 
NEAR-ACCIDENT HUMAN SYSTEM ERROR PERTURBATION 
Planning F a i l u r e s  
A s p e c i a l  form of f a u l t y  d i s c r e t i o n  wherein s u b j e c t  e i t h e r  f a i l s  
t o  deve lop  beforehand a scheme, program, o r  method f o r  accom- 
p l i s h i n g  a g o a l ,  o r  adopts  one t h a t  is  f lawed.  
F a i l u r e  i n  Operat ing Technique 
Inadequate  execut ion  of an o p e r a t i o n a l  t a s k ;  r e l a t e d  t o  s k i l l  
d e f i c i e n c y  i n  c o n t r o l l i n g ,  moni tor ing ,  o r  communicating. 
F igure 2.- Human error  l i s t i n g .  
AN OCCURRENCE AS AN EVENT CHAIN 
TIME/SEQUENCE EVENT CLASSIFICATION 
AIRCRAFT 
LATENT I PRIMARY I POSITION I ACCIDENT IMMINENT 
EVENTS 
LONG 
FLIGHT 
OPERATIONAL 
ENVIRONMENT 
FACTOR 
ALTlTU DE 
I' RESTRICTION 
/i; CLEARANCE 
CREW 
FATIGUE 
- ALTITUDE BUST 
ALTITUDE 
EPIDEMIOLOGICAL EVENT CLASSIFICATION 
Figure 3 . -  Event c l a s s i f i c a t i o n s .  
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ZATENT HAZARD CONDITION 
A cond i t ion  i n  t h e  sys tem con t inu ing  i n  time wi th  t h e  poten- 
t i a l  o f  t r i g g e r i n g  a hazardous cha in  of  e v e n t s  bu t  n o t ,  i n  
i t s e l f ,  u s u a l l y  regarded  as an event .  
EXAMPLE: UNDETECTED CHART ERROR 
SYSTEM IRREGULARITIES--PRIMARY EVENTS 
Events  r e f l e c t i n g  mis t akes  i n  procedures  o r  execu t ion ,  o r  
f a i l u r e s  o f  equipment,  t h a t  can l ead  t o  a c c i d e n t .  
EXAMPLE: MISINTERPRETED CONTROL CLEARANCE 
SYSTEM IRREGULARITIES--AIRCRAFT POSITION ANOMALIES 
Events i n  which a n  a i r c r a f t  i s  unsa fe ly  mispos i t i oned ,  a s  by 
be ing  flown i n t o  the  wrong a i r s p a c e  o r  d e v i a t i n g  from c o r r e c t  
a l t i t u d e ,  cour se ,  o r  speed. 
EXAMPLE: ALTITUDE DEVIATION 
ACCIDENT IMMINENT EVENTS 
Events  t h a t  a r e  proximate t o  the  occur rence  o f  an  a c t u a l  
a c c i d e n t ;  a l l  t he  e lements  of an a c c i d e n t  a r e  i n  p lace  so  the  
next  even t  i n  sequence would be an  a c c i d e n t  u n l e s s  a n  i n t e r -  
vening  recovery  event  t a k e s  p l ace  o r  t h e  a c c i d e n t  is  avoided  
by chance. 
EXAMPLE: NEAR MIDAIR COLLISION 
Figure 4.- Time/sequence event classification. 
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NEAR-ACCIDENT 
0 AIRCRAFT SEPARATIOF 
ANOMALIES 
SYSTEM PERTURBATION 
0 ALTITUDE BUSTS 
UNCOORDINATED 
AIRSPACE 
PENETRATION CORRECTION 
0 CONTROLLER INTERVENTIO 
0 FLIGHT CREW RESPONSE 
COCKPIT COORDINATION 
HUMAN ERROR 
0 COMMUNICATIONS 
0 PERCEPTION 
0 NON-VIGILANCE 
t 
PREDISPOSING CONDITION, 
ATTITUDE, MIND SET 
0 DISTRACTION 
OPERATIONAL RELATlONSHlPS PHYSICAL 
ENVIRONMENT 
0 COMPLEX JOBS 
SCHEDULE DEMMAND 
TRAlNlNG 
ENVIRONMENT 
0 EQUIPMENT FAILURE 
WEATHER 
0 TERMINAL CONFIGURATION 
AIRSPACE CONFIGURATION 
Figure 5.- P reva len t  f a c t o r s  i n  the  ASFS database. 
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